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We give an overview of chiral quark models, both for the pure light sector and the 

> 

O ■ heavy-light sector. We describe how such models can be bosonized to obtain well 



known chiral Lagrangians which can be inferred from the symmetries of QCD alone. 
In addition, we can within these models calculate the coefficients of the various 
^ ■ pieces of the chiral Lagrangians. We discuss a few applications of the models, in 

Q>^ , particular, B — B mixing and processes of the type B DD, where D might be 



both pseudoscalar and vector. We suggest how the formalism might be extended to 



' include light vectors {p,uj,K*), and heavy to light transitions like S — > vr. 

O 

5^ ■ I. INTRODUCTION 

I While the short distance (SD) effects in hadronic physics are well understood within 

■ perturbative quantum chromodynamics (pQCD), long distance (LD) effects have been hard 
to pin down. Even if quark models are not QCD itself, various QCD inspired quark models 
have been useful to make predictions for a limited class of problems. Lattice QCD and QCD 
sum rules are on more solid ground theoretically, but are in various cases not so easy to 
apply. In the light quark sector, low energy quantities have been studied in terms of the 
(extended) Nambu-Jona-Lasinio model (NJL)[l|, and also the chiral quark model (xQM) ^, 
which is the mean field approximation of NJL. 

Within the xQM, the light quarks {u, d, s) couple to the would be Goldstone octet mesons 
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FIG. 1: Energy hierarchy in interactions of elementary particles. 



{K, IT, 1]) in a chiral invariant way, such that all effects are in principle calculable in terms of 
physical quantities and a few model dependent parameters, namely the quark condensate, the 
gluon condensate, and the constituent quark mass . More specific, one may calculate 

the coupling constants of chiral Lagrangians by integrating out the quarks by means of the 
xQM. In this way chiral quark models bridge between pQCD and chiral perturbation theory 
ixPT) as indicated in Fig. [T] 

The ideas from the chiral quark model of the pure light sector has been 

extended to the sector involving a heavy quark (c or h) and thereby to heavy-light mesons 
Such models we name heavy-light chiral quark models (HLxQM). Also in this case, 
one may integrate out the light and heavy quarks and obtain chiral Lagrangians involving 
light and heavy mesons That is, we calculate the parameters of chiral Lagrangian terms, 
where the description of heavy mesons are in accordance with heavy quark effective field 

n n 

theory (HQEFT) 8|. In our approach |9| we extended the formalism of |Q] to include gluon 
(vacuum) condensates. 
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One important motivation for the inclusion of gluon condensates is the possibiUity to 
estimate non-factorizable (colour suppressed) contributions in non-leptonic decays. For in- 
stance, i^' — ^-mixing and the A/ = 1/2 rule for K 2tt can be understood in a reasonable 
way with,,, the xQM QQ „,c.ud,„g g.uo,, co„de„sates. Especially, the suppres.,o„ of^e 
1 = 2 amplitude found for K 2tt is also in agreement with generalized factorization J1Q|. 
Furthermore, it allows us for instance to consider decays where the gluonic aspect of rj' is rel- 



evant and some aspects of D-meson decays The most important application is to 
calculate non-factorizable contributions to B — 5-mixing , where our approach includes 
l/rrih corrections and chiral corrections both from loops and counterterms. Also processes 
of the type B DD are calculable ^|. It should be emphasized that the HLxQM can 
not, -in its present form, be used for heavy to light transitions like B ttK, where QCD 
factorization [l^ or soft coUinear theory(SCET) [3| is often applied . Still, in the last 
section, we suggest how an extension to this case might be performed. We also suggest how 
the xQM might be extended to include light vectors {p,Lj,K*). 



II. CHIRAL PERTURBATION THEORY 



A. The pure light sector 

Quarks are the fundamental hadronic matter. However, the particles we observe are those 
built out of them: baryons and mesons. In the sector of the lowest mass pseudoscalar mesons 
(the would-be Goldstone bosons: vr, K and rj) the interactions can be described in terms 
of an effective theory, the chiral Lagrangian, that includes only these states. The chiral 
Lagrangian and chiral perturbation theory (xPT) jl?! Q] provide a faithful representation 
of this sector of the Standard Model after the quark and gluon degrees of freedom have 
been integrated out. The form of this effective field theory and all its possible terms are 
determined by SUl{3) x SUii{3) chiral invariance and Lorentz invariance. Terms which 
explicitly break chiral invariance are introduced in terms of the quark mass matrix Aiq. 

The strong chiral lagrangian is completely fixed to the leading order in momenta by 
symmetry requirements and the Goldstone boson's decay amplitudes: 

4Song = ^Tr [D,T.D^T)) + ^-^B,Tt [M,T) + T.M\) , (1) 

where the covariant derivative D'^ contains the photon field, and M.q = diag [m^i, m^, mg]. 
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The quantity Bq is defined by (qiqj) = —pBoSij, where 



(m, + md){qq) = -Jk^k ^ i^n + md){qq) = -f^m^ , 



(2) 



in the PCAC hmit. The quantity (qq) is the quark condensate, being of order (-240 MeV)^. 
The SUl{3) x SUr{3) field S contains the pseudoscalar octet 11: 



'2^ ^ 
exp ( y n 



n 



1 

71 



K- 



TT 



K+ 



VE ^ 



(3) 



The quantity / is, to lowest order, identified with the pion decay constant /,r (and equal to 
fx before chiral loops are introduced). 

When the matrix S is expanded in powers of /~^, the zeroth order term obtained from 
is the free Klein-Gordon Lagrangian for the pseudoscalar particles. From this Lagrangian 
one might deduce the (left-handed) current 



f2 

where n is a fiavour octet index and A„ a SU (3) fiavour matrix. 



(4) 



For the next-to-leading order Lagrangian C^^long there are ten terms and thereby ten 



coefficients to be determined [18| either experimentally or by means of some model. Some 
of these play an important role in the physics of e' in K decays 0- 

As examples, we 

display the L5 and Lg terms in governing much of the penguin physics: 



and 



Lg So Tr [Ml^M\T. + ^,St^,St] . 



(5) 



(6) 



Under the action of the elements Vr and Vl of the chiral group SUr{?>) x S't/i(3), the 
field S transforms as: 



(7) 



and accordingly for the conjugated fields. Formally, M.^ is given the same transformation 
properties as S, and as S'l". 
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B. The heavy Ught sector 

The strong chiral Lagrangian for the heavy hght sector is 3, '■ 



C 



Str 



+2XiTr 



hk 



(8) 



where k, h are SU (3) triplet indices, and v is the velocity of the heavy meson. The 



ellipses indicate other terms (of higher order, say), and iV[ 



hk 



5hkD^ + V; 



hk- 



More- 



over, = {i'^Qqi + ^Qg^^)/2, where Qq is the SU{?>) charge matrix for light quarks, 
Qq = diag{2/3, —1/3, —1/3), and F is the electromagnetic field tensor, -ff^^"* is the heavy 
meson field containing a spin zero and spin one boson: 



(±) 



vk 



75 



P4 



(9) 



where 



P^{v) = {l±-fv)/2 (10) 

are projection operators. The fields p(='=)5(p(='=)/^) represent heavy-light mesons, 0^(1^), with 
velocity v. The signs ± refers to particles and anti-particles respectively, and will sometimes 
be omitted in the following when unnecessary. 

The vector and axial vector fields and are given by: 



The fields ^ and transform as 

where U e SU{3)v, the unbroken symmetry. 
The vector and axial fields transform as 



(11) 



(12) 



(13) 



The vector field is seen to transform as a gauge field under local S'f/(3)y, and can only 
appear in combination with a derivative as a covariant derivative [id^ + V^). The quantity 



V 



Mq (as well as the orthogonal combination Mq ) is related to the current mass term: 



Mi 



--{eMqe-iM\i). 



(14) 
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The heavy-light weak current, to zeroth order in l/mq and chiral counting, is represented 



by: 



and under SU{3)l it transforms as 



hk 



(15) 



(16) 



This current has also (counter) terms, of higher order in the chiral counting, needed to make 
the chiral loops finite: 



UJ-, 



V 



(17) 



where the parameters ui and u'l are commented on in section IV-C. To leading order, 
r" = 7"L, where L is the left - handed projector in Dirac space, L = (1 — 7^/2. However, 
this is slightly modified by perturbative QCD for fi below uiq, which gives [8| 



(18) 



where R is the right - handed projector, R = {1 + 75)/2 . The coefficients C^,^(/i) are 
determined by QCD renormalization for fi < rri n. They have been calculated to NLO and 
the result is the same in MS and MS scheme (2 11] . {C-y is close to one and is rather 
small). Corrections to the weak current of order l/mq will be discussed in section fVl 

Before closing this section, we write down the bosonized b c transition current in terms 
of the heavy fields 



-({u)Tr 



(+) 



(19) 



where C('^) is the Isgur-Wise function for the B D transition j22]. The indices on the 
heavy fields here refer to the the b- and c-quarks with velocities Vb and Vc, with u = Vb ■ fc- 
The current for DD production is : 



(-) 



-C(-A)Tr 



(20) 



where the Isgur-Wise function C{—X) is (in general) complex. We have X = Vc ■ v , where v 
is the velocity of c. 
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III. THE CHIRAL QUARK MODEL (xQM) 

A. The Lagrangians for xQM 

The light quark sector is described by the chiral quark model (xQM), having a standard 
QCD term and a term describing interactions between quarks and (Goldstone) mesons 

C-xQM = qih ■ Dqi + quh ■ Dqr- qiMq Qr - qRM\ qi - m{qRT!^qL + qJ^qR) , (21) 

where m is the {SU{'i) - invariant) constituent quark mass for light quarks q^ = {u,d,s). 
The left- and right-handed projections qi and qR are transforming after SU{3)l and SU{3)r 
respectively: 

qL Vl qi and qR ^VRqR. (22) 

From ^21\ we deduce the Feynman rules. For instance, the Pqq coupling is (^75//) 
times some SU{'i) factor (P is a pseudoscalar meson TT,K,ri). From such Feynman rules, 
and including the quark propagator S{p) = (7 ■ p — Mq)~^, we can calculate aplitudes for, 
say, 7T — 71 scattering in the strong sector. Here Mg = m + irtq is the total mass. Alternatively 
one might keep only the constituent mass m in the propagator, and take the current mass 
TfXq as a coupling. Incuding also the Feynman rules for weak vertices, one might calculate 

m 

amplitudes for non-leptonic decays in terms of quark loops representing f^^ and the 
semileptonic form factors f±, but also for more complicated cases. 

Also, as a more exotic example, one may calculate the effect of the electroweak s — > d 
self-energy transition contribution to — > 27r as shown in Fig. |21 This is an off-shell effect 



which vanish in the free cpaark case, but is non-zero for bound quarks and proportional to 
m within our framework 3]. 

Chiral Lagrangians, either in the pure strong sector or for non-leptonic decays, are how- 
ever easier to obtain in a more transparent way within the "rotated version" of the xQM 
with flavour rotated quark fields x given by: 

XL = S}qL ; XR = iqR \ e-e = s. (23) 

The constituent quark fields xl and xr transform in a simple way under SU{?>)v'- 

Xl^Uxl , Xr^UXr- (24) 
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FIG. 2: Contribution to the process K ^ 271 from the non-diagonal s ^ d transition. 



In the rotated version, the chiral interactions are rotated into the kinetic term while the 
interaction term proportional to m in (j2ip become a pure (constituent) mass term 

C-xQM = X b^i^D^. + V^ + 75^m) -m]x- xM,X , (25) 
which is manifestly invariant under SU{3)v- Moreover, 

M,=M^ + M^75 , (26) 

where M^'"^ are given in (|14p. 

In the light sector, the various pieces of the strong Lagrangian in section II-A can now be 
obtained by integrating out the constituent quark fields and these pieces can be written 
in terms of the fields , and This can easily be seen by using the relation 

A = iD.E^) ^ = + Y^^^ (D.E) e . (27) 

In our model, the hard gluons are integrated out and we are left with soft gluonic de- 
grees of freedom. These gluons can be described using the external field technique, and 
their effect will be parameterized by vacuum expectation values, i.e. the gluon condensate 
i^G"^). Gluon condensates with higher dimension could also be included, but we truncate 
the expansion by keeping only the condensate with lowest dimension. 

When calculating the soft gluon effects in terms of the gluon condensate, we follow the 



prescription given in 



The calculation is easily carried out in the Fock - Schwinger gauge. 



In this gauge one can expand the gluon field as : 



A^^ik) = -^GU^)^^^'\k) + .... (28) 
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kP=0 



FIG. 3: Feynmanrule for the light quark -soft gluon vertex. 



In some simple cases one may also use the light quark propagator in a gluonic background 
(to first order in the gluon field): 

G) = ~^Gi/ [a"^(7 ■ p + m) + (7 ■ p + m)a"/^] {p' - m')-' , (29) 

where gg is the strong coupling constant, a and b are colour octet indices, and t"' are the 
colour matrices. In general one should stick to the prescription in 0| in order to get correct 
results. Since each vertex in a Feynman diagram is accomplished with an integration we get 
the Feynman rule given in Fig. El The gluon condensate contributions are obtained by the 
replacement 

9sG%Gl^f^ -^j^^:^—^5''^{-^G'^)—{gfj,aguf}~g,j.(}gua)- (30) 



B. Bosonization of the xQM 

The Lagrangians (PT|) or (f^3|) from the previous section can now be used for bosonization, 
i.e. to integrate out the quark fields. This can be done in the path integral formalism, or as 
we do here, by expanding in terms of Feynman diagrams. Within the xQM, with Feynman 
rules obtained from 1)211) one may calculate the simple quark loop amplitude for tt ^ W 
which defines / (the bare /^r) in terms of a logarithmicly divergent integral /o times the 
coupling ~ m//. Including also the gluon condensate contribution one obtains 



f = -,4m^NJ, + ^(^G=> , (31) 

where I2 is the following logarithmic divergent integral {d is the dimension of space within 
dimensional regularization) : 

/ = f ^ r32^ 
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Equivalently, one may obtain the (kinetic part of the) strong Lagrangian in (Q) by at- 
taching two axial fields to a vacuum polarization like quark loop diagram by using (j23). 
Then one obtains: 

z£S = -iV, I^.Tr [(7.75^^) S{p) (7^75^^ S{p)] = fTr [A,A^] , (33) 

where the trace is both in fiavor and Dirac spaces (a similar diagram with glouns should 
also be added). This is easily seen by using the relation (j2H), provided p is given by (jSH). 
The eq. flS^ give the Lagrangian ((H) in the light sector by applying (j^Zj). 
The quark condensate is: 

m = -^N,Tr J ^^S{p) = -UmNJ, - ^(f G^) , (34) 

where Ji is the quadratically divergent integral 

f d^k 1 

= J {27rr F - m2 • ^^^^ 

Here the propagator S has to be understood at the one in the gluon field up to second order 
and the a priori divergent integrals /i,2 have to be interpreted as the regularized ones. The 
physical values of /i^2 are determined by the physical values of / and (qq). In general, 
by coupling the fields Af^i and M^'"^ to quark loops, the chiral Lagrangian terms and their 
coefficients within the light sector can be obtained. 

Similarly, we may bosonize the weak currents. The left handed current can be written 

qil'X^qL = XlY^'^Xl ; A" = ^^A^^ • (36) 

The lowest order term 0{p) is obtained when the vertex A" from ()36p and axial vertex 
(~ A^) from (j25|l are entering a quark loop (see Fig. Ej): 

j;{A) =-^N,J^,Tr [(7,LA«)5(p) (7.75^'^) Sip)] ~ Tr [A"^,] , (37) 

which coincides with (@]) when ^I7\ is used. 

As a more non-trivial example, to obtain a non-zero non-factorizable contribution to 
K^K^ at tree level, one has to consider the coloured current j^'" to 0{p^), involv- 
ing insertions of the "mass fields" Mg in ()2fj|l [l^ . (This coloured current is obtained by 
Fierz transformations of the relevant four quark operator). From Fig. one obtains the 
contribution: 
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FIG. 4: Feynman diagram for bosonization of the left-handed current to order 0{p). 




FIG. 5: Diagram for bosonization of the colour current to Oip^). 



i;'"(Fig- 5) 



(2^ 



Tr 



i^.LA^n Sip) (7.75-4'^) Sip)M,S^ip,G) 



(38) 



Summing all six diagrams with permutated vertices compared to the one in Fig. El we 
obtain in total : 

1 



9s 



12m IGtt^ 



where (we have used the analytical computer program FORM 2M) 
The S's are chiral Lagrangian terms: 



Si 



Tr 



S^ ^ Tr 



-1 



Tr [A"A^,(Z},St)] 



S. 



K 



-Tr 



A" ( + Mf' A'' 



-Tr [A" ((D,S) StA^.St - SA^ts(D^st))] 



(39) 



(40) 



(41) 



The current ()39p has to be be combined with the left-handed colour current for D-meson 
decay later given in ()90|) to obtain a contribution to K^K^ 



121. 
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IV. THE HEAVY - LIGHT CHIRAL QUARK MODEL (HLxQM) 
A. The Lagrangian for HL^QM 

Our starting point is the following Lagrangian containing both quark and meson fields: 

= Chqeft + f^xQM + ^Irit , (42) 

where 

Hhqeft = ±W^iv ■DQf'> + [-Cm^ct ■ G + {iD^)l^ g(±) + 0{m-Q^) (43) 

is the Lagrangian for heavy quark effective field theory (HQEFT). The heavy quark field 
qI^^ annihilates a heavy quark with velocity v and mass mq. Similarly, Qv ■* annihilates 
a heavy anti-quark. Moreover, is the covariant derivative containing the gluon field 
(eventually also the photon field), and a ■ G = a^^ G'^^^^t"' , where a^" = i['j^,'y'^]/2, and 
is the gluonic field tensor. This chromo- magnetic term has a factor Cm, being one at 
tree level, but slightly modified by perturbative QCD.(When the covariant derivative also 
contains the photon field, there is also a corresponding magnetic term ~ a ■ F, where F^" 
is the electromagnetic tensor). Furthermore, (i-D_L)^ff = CoiiD)^ — Cxiiv ■ D)"^. At tree 
level, Cn = Ck = 1- Here, Cd is not modified by perturbative QCD, while Ck is different 
from one due to perturbative QCD corrections for /i < mg 25[. We observe that soft 
gluons coupling to a heavy quark is suppressed by I/ttiq, since to leading order the vertex 
is proportional to v^VijG"'^^ = 0, being the heavy quark velocity. 

In the heavy - light case, the generalization of the meson - quark interactions in the pure 
light sector xQM is given by the following SU (3) invariant Lagrangian: 



^int = -Gh [Xfc ^i? Ql^^ + gi^^ i^i? Xk\ , (44) 

where A; is a triplet SU{3)- index and Gh is a coupling constant. Note that in P], Gh = 1 
is used. However, in that case one used a renormalization factor for the heavy meson fields 
Hy, which is equivalent. The interaction Lagrangian can, as for the xQM, be obtained 
from a NJL model. This has been done in p] (-as for the light sector Jj]). 
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B. Bosonization within the HL^QM 



The interaction term Cint in ()44|) can now be used to bosonize the model, i.e. integrate 
out the quark fields. This can be done in terms of Feynman diagrams as we do here, by 
attaching the external fields H^, H^,V^,A^ and M^'"^ of section II-B to quark loops, and 
using and (03}. In this way one obtains the strong chiral Lagrangian (jH} and terms 



of higher order in the heavy light sector . Some of the loop integrals wi 



1 be divergent and 



mm 



As the 



have to be related to physical parameters, as for the pure light sector 
pure light sector is a part of our model, we have to keep the relations in (jHTj) and (jH^ from 
the pure light sector within the heavy light case studied here. The I/ttlq terms will not be 
discussed in this section, but will be considered later in section V. 

From the diagrams in Fig. IHl we obtain the identification for the kinetic term , which by 
Ward identities is the same as for the term with the vector field attached to the light 
quark: 

-^G%N^ (/3/. + 2mh + ^^^si^G^)) = 1 ^ (45) 
where I2 is given in (j32|l and 

which formally depends on f ^ which is equal to one. From the same diagram, with the axial 
field attached, we obtain the following identification for the axial vector coupling gjs, : 

gA=iGjrN^ -I3/2 - 2m/2 - i i- U—G^) , (47) 

As l\ and I2 are related to the quark condensate and /t^ respectively, the (formally) 
linearly divergent integral 13/2 is related to bgj^ = 1 — g_A, which is found by eliminating I2 
from eqs. and (jTTj) : 

S9A = -l^Gj,N, [h/2 - . (48) 

Note that the gluon condensate drops out here. Within a primitive cut-off regularization, 
I3/2 is (in the leading approximation) proportional to the cut-off in first power: 



where the cut-off A, is of the same order as the chiral symmetry breaking scale A^. In 
contrast, I3/2 is finite and proportional to m in dimensional regularization. Note that the 
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cut-off A is only used in qualitative considerations here and in subsection IV-D. Anyway, 
/3/2 is determined by the physical value og (7^. 

When attaching like in Fig. IHl instead of vector or axial vector fields one finds for the 
mass correction term in (jH)): 

2X,.^GM, - 2,nl, - - . (50) 

The electromagnetic (3 term in (jH} is obtained by considering diagrams like those in figure 
but with the vector and axial vector fields or A/^i replaced by a photon field tensor: 

Within the full theory (SM) at quark level, the weak current is 



A° = *i7"Q (52) 

where Q is the heavy quark field in the full theory. Within HQEFT this current will, below 
the renormalization scale /x = tuq (= mb, rric), be modified in the following way: 

Jk = Xh^L^'^Qv + OirriQ') , (53) 
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FIG. 7: Diagrams for bosonization of the left handed quark current. 



The operator in equation ()53|) can be bosonized by calculating the Feynman diagrams shown 
in Fig. [7| which gives the bosonized current in ()15|) with: 

i(37r-4) a, ^ 



aH=- ^zGhNc -h + m/3/2 + 



(54) 



To first order in the chiral expansion we obtain the bosonized current obtained by at- 
taching one extra field Ay to the quark loops in Fig. [3 

J^{1) = ^Tr [e,k^"H,H{ai\Y^, + aJJlt^^Ts) A] , (55) 

where the quantities a^'' are given by expressions similar to (j54j) . 

The coupling an in (fTH|) is related to the physical decay constants fn and fn*, in the 
following way (for H = B,D): 



(0|M7"75&|i^) = -2 {0\J:\H) = iMhJhv' 



(56) 



Taking the trace over the gamma matrices in (fT3|) . we obtain a relation for an and the 
relations between the heavy meson decay constants fu and fn* (for H = B,D) : 



_ fnVMH _ jH*y ^yj^H* 
"^"C,(/i)+C,(/i) " C,(/i) ' ^ ^ 

where the model dictates us to put yU = A^. Later, in section V-B, we will see how chiral 

corrections and l/m-g corrections modify this relation. 



C. Constraining the parameters of the HLxQM 

The gluon condensate can be related to the chromomagnetic interaction : 

l^lm = ^CM{H\Qj^a ■ GQ,\H) , (58) 



16 



where the coefficient CM(/i) contains the short distance effects down to the scale u and 
has been calculated to next to leading order [NLO) [26]. The chromomagnetic operator is 
responsible for the splitting between the 1~ and 0~ state, and is known from spectroscopy, 

y.l{H) = ^mQ{MH^-MH). (59) 

An explicit calculation of the matrix element in equation ()58p gives 

fxl = V2^{^G'), where r/, ^ ^^Cm(A,) • (60) 

Combining the eqs. (j3T| . ()34|1 and (j60|) we obtain the following relations : 



(^G=) = |£!i, Gi = 5^p, (61) 

TT 2r]2 p 



where the quantity p is of order one and given by 



ri2 m 



.j-r' . (62) 



4(1 + 



where rix=^. In the limit where only the leading logarithmic integral J2 is kept in ()45|). we 
obtain: 

gA^l. P-1, G^-Gg^^^, (63) 

which for gj^ and (5 correspond to the non-relativistic values. 
From the eqs. (jSH), (EHl), and (jHOI), we find 



In the limit ()63j) we obtain 2Ai 1, as expected. The parameter Ai is related to the mass 
difference M^^ —M^^. To leading order, we obtained the following expression for the /5-term: 

p \ Nciri'^ / 56 + Stt 



which is rather sensitive to m. Choosing m in the range 250-300 MeV we find |22| P = 
(2.5 ± 0.6) GeV^^ to be compared with j3 = (2.7 ± 0.20) GeV~^ extracted from experiment. 
Using equation pHjl and (jHlI) we may write an as: 

aH = ^\ 2/^(1 - -) + — G ) , (66) 
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FIG. 8: Loop diagrams for bosonizing the b ^ c current, V^^ = 7^^, A'^ = 7'^75. 



Combining (jFfj) with ()66|) . we obtain [l^ in the leading hmit (taking into account the 
logarithmic and quadratic divergent integrals only, and let ^ 1, C^, — and 5f_4 1 as 
in (j63p ) we obtain the "Goldberger-Treiman like" relation: 



f„-jM-„ ^ --^ , (67) 

which gives the scale for fn (It is, however, numerically a factor 2 off for the 5- meson). 
Using the relations (jTfjl and (jH^ we obtain for and a^), in (jKKjl : 

(1) _ 25-^ 



niNc (tt + 



57r 



256m2 TT 



(68) 
(69) 



Moreover, for the mass correction to the weak current given in ()17|) we find that uJi = 
—AXi/Gh, where Ai is given in equation (j^Ujl or The term uj'i is subleading in 1/Nc. 

The Isgur-Wise function C(^) in f|l^|) relates all the form factors describing the processes 
B{B*) —>■ D{D*) in the heavy quark limit. This function can be calculated from the diagrams 
shown in Fig. |S1 The result before 1 / mq and chiral corrections is: 

au;) = -^{l-p)+pr{u;), (70) 

where p is given in ()(i2j) and r{uj) is the same function appearing in loop calculations of the 
anomalous dimension in HQEFT : 

r{uj) = -^=1= In (u + V^T^) . (71) 

Note that ({1) = 1 as it should. 
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D. The formal limit m ^ 

In this subsection we will discuss the limit of restauration of chiral symmetry, i.e. the 
limit m — > l27|l. In order to do this, we have to consider the various constraints obtained 

Q 

when constructing the HLxQM [21]. 

Looking at the equations (jHTj) and (jMj) . one may worry that ( qq ) and / behaves like 1/m 
in the limit m ^ unless one assumes that (^G^) also go to zero in this limit. We should 
stress that the exact limit m = cannot be taken because our loop integrals will then be 
meaningless. Still we may let m approach zero without going to this exact limit. In the pure 
light sector (at least when vector mesons are not included) there are no restrictions on how 
i^G"^) might go to zero. In the heavy light sector we have in addition to (jHlll and ()34j) also 
the relations and (jTTj) . which put restrictions on the behavior of the gluon condensate 
{^G"^) for small masses. As {^G^) has dimension mass to the fourth power, we find that 
{qq ) and may go to zero if (^G^) goes to zero as or m^A (eventually combined with 
ln(m/A)). However, the behavior m^A is inconsistent with the additional equations ()61|) 
and (jnH). Still, from all equations (^3]) . (jUT|) . (jHH), we find the possible solution 

{^G^) = cN^m^K{m) , where K{m) = {-Aih + — ) , (72) 

TT StT 

and c is some constant. Then we must have the following behavior for G^, and ^"q when 
m approaches zero: 

Gl-J^ , (1 + ^9a) - jK{m) , ~ —K{m) , (73) 

with some restrictions on the proportionality factors. Here, the regularized I2 is such that 
for small m, K{m) = (ci + C2lnm/A), Ci and Cobeing constants. The behavior of is 
in agreement with Nambu-Jona-Lasinio models [l|. Note that in our model, 5gy^ 4/3 
(corresponding to ^ —1/3) for m ^ 0, in contrast to Sg^x ^2/3 for a free Dirac particle 
with m = 0. Note that in we gave the variation of the gluon condensate with m for a 
fixed value of fiQ. For the considerations in this subsection, we have to let fiQ go to zero 
with m in order to be consistent. When m ^ 0, we also find that — 1/A, provided that 
the coefficient c in (f?^ is fixed to a specific value (which is c = 576/(37r + 32) ^ (1.93)^). 



19 





FIG. 9: Diagrams responsible for l/mq terms in the chiral Lagrangian. 



V. l/niQ CORRECTIONS WITHIN THE HLxQM 

A. Bosonization of the strong sector 

To order l/mg one obtains further contributions to chiral Lagrangians (see ref. and 
references therein): 

Cstr = -—Tr \h;{iv ■ D)Hu] + —Tr ^HlHf^vXhk] 
rriQ rriQ 

rriQ rriQ 

- \H'kcr''\Vj:,a^,m:\ + ^Tr {Ih^,^,A^,,H,] + .... (74) 

rriQ rriQ 

where the eUipses indicate other terms (of higher order, say), and contains the photon 

field. The new terms of order l/mq in (ff^ are a consequence of the chromomagnetic 

interaction Omag (the second term in equation (|13|)). and the kinetic interaction Okin (the 
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third term in ()43|)). Calculating the diagrams of Fig. Inland eliminating the divergent integrals 
and using equations (fH^. (jH^ and (jlHjl . gives for example 

_ (vr + 4) III 

As the l/mq terms break heavy quark spin symmetry, the chiral Lagrangian in (j74j) will 
split in H{0~) and H*{1^) terms respectively. 



B. The weak current to order l/mq 
In HQEFT the weak vector current at order 1 / uiq is Q : 

r=Y: C.Wt + ^ E + ^ E AMT- , (77) 

j=l,2 i ^ k 

where the first terms are given in ()18p and ()53p. the BjS and A^'s are Wilson coefficients, 
and the 0"'s are two quark operators 

= QLVHI^Qy , = QLV'^i-tV ■ D)Q, , 

= QLtD'^Q, , 0° = qL{-iD'^)Qv , (78) 

The operators Tk are nonlocal and is a combination of the leading order currents Jj and a 
term of order l/mq from the effective Lagrangian (j43|) . 

Combining (|77p with (jl5p . and adding chiral corrections and the l/mq corrections indi- 
cated in (fSHj) . we obtain ioi H = B, D: 

1 



fn 



H 



(79) 



mq 327r2/2j ' 

where C^^^ are defined in (fTSj) . Here the model dictates us to put /i = A^^,. The quantities rjq 
and 7]^ are given in P] . One should note that the quantities rjq for Q = b,c depend on the 
Wilson coefficients Ci,Bi,Ai in ()77|) and some hadronic parameters, for instance £1,2 from 
(j74p . The Wilson coefficients entering J'h depends on mq through l'n.[mq / fi) , and therefore 
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fn is a complicated function of mg, (gg), (7^4, fn, and the constituent light quark mass m. 
Note that {^G^)^^^ is fixed to be around 320MeV. In Fig. ^ Jb is plotted as function of 
m for standard values of the other parameters. One should note that bigger values of | ( qq)\ 



give 
and 



ligher values of fs- For a discussion of the numerical values of our parameters, see 



VI. APPLICATIONS 



In this section we focus on the chiral quark model aspects, especially contributions pro- 
portional to the gluon condensate. There are always additional chiral loop corrections which 



can be found in 



13 



IJ] and references therein. 



A. B — B mixing and heavy quark effective theory 



At quark level, the standard effective Lagrangian describing B — B mixing is 

^efT^ = - TZ^Mw iVtlVt,f SjL (Xt) VB Qb , (80) 



47r2 



where Gp is Fermi's coupling constant, the V^s are KM factors (for which q = d or s for B^ 
and Bg respectively) and Sjl is the Inami-Lim function due to short distance electroweak 
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loop effects for the box diagram. The quantity Qb = Q{^B = 2) is a four quark operator 

Qb = qLl°'bLqLlabL , (81) 

where ql is the left-handed projection of the q (6)-quark field. The quantities t]b = 
0.55 ± 0.01 and b{fi) are calculated in perturbative quantum chromodynamics (QCD). At 
the renormalization scale n = rrib (— 4.8 GeV) one has h{mi) 1.56 in the naive dimension 
regularization scheme. The matrix element of the operator Qb between the meson states is 
parameterized by the bag parameter Bb^ '■ 

{B\QB\B)^lfBMlBBM) ' (82) 

where by definition, BBg = 1 within the factorized limit. In general, the matrix element 
of the operator is dependent on /i, and thereby Bb^ also depends on /i. As foiK — K 
mixing, one defines a renormalization scale independent quantity 

BB, = bifi)BB,{fi) . (83) 



The AB = 2 operator in equation ()81|) can for A^ < /i < mh be written 29|, |30| : 



Qb= CiQi + C2Q2 + —y2 hi^^ + ^( V^') • (84) 

i 

The operator Qi is Qb for b replaced by Qif^\ while Q2 is generated within perturbative 
QCD for fi < iTLiy. The operators Xj are taking care of l/m^ corrections. The quantities 
Ci, C2, hi are Wilson coefficients. The operators are given by 

(85) 
(86) 
(87) 

The explicite expressions for the operators Xi are given in . There are also non-local op- 
erators constructed as time-ordered products of (^1,2 and the first order HQEFT Lagrangian 
in (jlSjl . The Wilson coefficients Ci and C2 have been calculated to NLO j29| and for = A^ 
one has Ci(A^) = 1.22 and C2(A^) = —0.15. The coefficients hi have been calculated to 
leading order (LO) in 



Qi 


= 2 






Q2 


= 2 




W'Vf.Qi'^ , 




= 2 
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FIG. 11: Non-factorizable soft gluonic contribution to the bag-parameter. (Here T=t"' j'^ L.) 



In order to find all the matrix element of (5i,2 , one uses the following relation between 
the generators of SU{3)c {i,j,l,n are colour indices running from 1 to 3): 

1 



(88) 



where a is an index running over the eight gluon charges. This means that by means of 
a Fierz transformation, the operator Qi in (j85|) may also be written in the following way 
(there is a similar expression for Q2): 



(89) 



The first (naive) step to calculate the matrix element of a four quark operator like Qi is to 
insert vacuum states between the two currents. This factorized limit means to bosonize the 
two currents in Qi and multiply them (see (jHH|) ). The second operator in ()89|) is genuinely 
non-factorizable. In the approximation where only the lowest gluon condensate is taken into 
account, the last term in ()89p can be written in a quasi-factorizable way by bosonizating the 
heavy-light colour current with an extra colour matrix inserted and with an extra gluon 
emitted as shown in Fig. ^2 

We find the bosonized colour current: 



Gh9s 



IG 



Tr 



1 



fJ,U 



■in 



, (90) 



where { , } symbolizes an anti-commutator. The result for the right part of the diagram with 



B replaced by B is obtained by changing the sign of v and letting Ps^'' 



\ Multiplying 



the coloured currents, we obtain the non-factorizable parts of Qi and Q2 to first order in 
the gluon condensate by using eq. (IHUj). 

Now the bag parameter can be extracted and may be written in the form: 



B 



Ba 



1 + 4(1-5^)+- + 



Nr. 



nib 327r2/2 



(91) 
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FIG. 12: The bag parameter B for Bg as a function of m. 



where the parameter b also involves the Wilson coefficients C^^y defined in (|TH|) : 
The soft gluonic non-factorizable effects are given by 



(92) 



■'G 



327r2/V| Mb 



Kb 



Ci — C2 



(93) 



where is a dimensionless hadronic parameter which depends on m, f,fiG and (7^ and is 
of order 2. Note that we are qualitatively in agreement with j^|, where also a negative 
contribution to the bag factor from soft gluon effects is found. Numerically, / and Jb are 
of the same order of magnitude, and 6q is therefore suppressed like iti/Mb compared to the 
corresponding quantity 



AT, 



'327r2/^ 



(94) 



found for — mixing . 

However, one should note that Jb scales as 1/\/Mb within HQEFT, and therefore Sq 
is still formally of order {nif,)^. The quantity represents the 1/mf, corrections due to 
the operators Xj. Furthermore, the quantity represents the chiral corrections (including 
counterterms) to the bosonized versions of Qi^2 ,13]. The bag parameter B is plotted as 
function of m^in^Fig. El for the case Bg. Our results are numerically in agreement with 
lattice results 
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B. The processes B L>(*)L>(*) 

It has been observed |l4|] that the procseese B^ ,, Dg^dDs^, B^^ D*^^Ds,d, -B°,s 
Ds,dD*sd^ and B^^ D*^D*^, have no factorized contribution from the spectator mecha- 
nism. If one or two of the D-mesons in the final state are vectors, there are relatively small 
contributions from the annihilation mechanism. The effective non-leptonic Lagrangian at 
quark level has the usual form Q|: 

Cw = -^%V,,V:^ V a, Q,(/i) . (95) 
In our case there are only two numerically relevant operators (for q = d,s): 

Ql = (QLl^bi) (cL^aCL) ; Q2 = {cLl"bL) (qLlaCL) ■ (96) 

At /i = rub, one has 02 ~ 1 and ai ~ 1/10. 

Using (jHHI), we obtain the Fierzed version of the operators QiX- 



N, 



c 



Ql = + nurt^L) {cliXcl) (97) 

The genuine non-factorizable l/N^ chiral Lagrangian terms from "coloured quark operators" 
can be estimated within the HLxQM. However, in order to do this we have to treat the effec- 
tive weak non-leptonic Lagrangian in ()95p within heavy quark effective theory (HQEFT) j^. 
Then b, c, and c quarks are replaced by their corresponding operators in HQEFT: 

6 ^ g(+) , c git^ , c g(-) (98) 

up to 1/ mf, and 1 / corrections. Then the effective weak non-leptonic Lagrangian ()95p can 
be evolved down to the scale /z ~ ~1 GeV [33]. At /i = 1 GeV we have 02 — 1.29 + 0.08i, 
and ai ^ —0.35 — 0.07i. Note that ai^2 are complex for A^ < /i < mc 

The bosonized factorized weak Lagrangian corresponding to Fig. ^Jand the operator Q2 
(with the dominating Wilson coefficient 02) is obtained from (jlSp . and (fTUj) . and (jHSj): 



where u = Vf, ■ Vc = Vb ■ v = Mb/{2M£i). This Lagrangian (corresponding to the spectator 
mechanism) contributes to the factorized amplitude for the process 5° D^Dj , and is the 
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BO 




FIG. 13: Factorized contribution for B'^ D^D^ through the spectator mechanism, which does 
not exist for the decay mode DfD'^. The double dashed hues represent heavy mesons, the 

double lines represent heavy quarks, and the single lines light quarks. 




FIG. 14: Factorized contribution for B^ — > UfD^ through the annihilation mechanism, which 
give zero contributions if both Df and D~ are pseudo-scalars. 



starting point for chiral loop contributions of order {friKgA/'^'^fY (which are l/N^ suppresed) 



to the processes 

The bosonized factorized weak Lagrangian corresponding to Fig. and the non- 
dominating Wilson coefficient ai is 



Bos 



w-FactiQi) = 4^K:.K;(«i + ^)C(-A)^Tr [^YLH, 



(+) 



■ Tr 



(-) 



(100) 



where X = v ■ Vc = (M^/(2M|,) — 1). Unless one or both of the D-mesons in the final 
state are vector mesons, this matrix element is zero due to current conservation, which is 
analogous to the decay mode K^K^ 12 1. 



The genuine non-factorizable part for D^Dj at quark level can, by means of Fierz 

transformations and the identity (j88p . be written in terms of colour currents. The left part 
in Fig. El with gluon emission gives us the bosonized colour current which is the same as 
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FIG. 15: Non-factorizable contribution for — > DfD^ through the annihilation mechanism with 
additional soft gluon emission. The wavy lines represent soft gluons ending in vacuum to make 
gluon condensates. 



for B — B mixing in eq. For the creation of a DD pair in the right part of Fig. fTHj 

there is an analogue of ()90p. which can be written: 



IG 



Gl, Tr 
32nm 



(101) 



where 



X 



r(-X) 1 



TT 4(A-1^ 

and t = Vc — V . Multiplying the currents and using (p?n|) we obtain a bosonized effective 
Lagrangian as the product of two traces. Note that our non-factorizable amplitudes (pro- 
portional to the gluon condensate) are proportional to the numerically favourable Wilson 
coefficient 02. 

The gluon condensate contribution obtained from (|9Up and (jlUip is a linear combination 
of terms like: 



Tr 



■ Tr 



Tr 



Tr 



Tr 



■ Tr 



Tr 



■ Tr 
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Tr 



Tr 



[V - V. 



Cjfl ) 



Vc + v)^Tr 



■ Tr 



(102) 



These terms might have been written down based on the heavy quark symmetry, but the 
HLxQM selects a certain hnear combination to be reahzed. 

Our amphtudes for B DD, in terms of chiral loop and gluon condensate contribu- 
tions, are sensitive to l/m^ corrections and counterterms which are not yet calculated 
Operators suppresssed by l/mg are obtained by the replacements 

1 



(±) 



-«7 



(103) 



for one of the heavy quarks in ()96|) and (j^7|) . Some new quark operators of order 1 / mq might 
also be generated by pQCD for fi < niq. Counterterms correspond to mass insertion of Mq , 
given by (fT^ and (pUj) . at light quark lines in the diagrams for B DD this subsection. 



C. Other applications 

Within the HLxQM, the process B Drj' has been estimated This is done in two 
steps. First we calculate the subprocess B Dgg*. Then the virtual gluon g* is attached 
to the r]'gg* -vertex, and the other end in vacuum and make a gluon condensate together 
with one of the other soft gluons (g) from the rj'gg* -vertex. Using Fierz transformations for 
the four quark operators for b cdu, we obtain contributions corresponding to Fig. El 

We have used existing parameterizations of the rj' gg*-vertex form factor and assumed 
that the current for B ^ g* is related to the better known case B ^ p. It turns out 
that the "factorizable" diagram to the left in figure El can be neglected compared to the 
non-factorizable diagram to the right. For m in the range 230-270 MeV, we obtained the 
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result [ll| Br[B Dr] ) = (2.2 ± 0.4) x 10~^ . Here I/tuq and chiral corrections are not 
included. 

Heavy to light non-leptonic processes like B,D —>■ Ktt cannot in general be treated within 
the HLxQM in its present form. (See, however, section VII-B). Still, semileptonic heavy to 
light processes might be treated at the "no recoil point" ^9]. The form factors f+{q^) and 
f-{q^) are defined as: 

{ix+{p^)\urb\H) = 2 {n+{p^)\Jf\H) = U{q')iPH+P.r + f-{q')iPH - P.r (104) 

where p'^ = Mhv" and the index a corresponds to quark flavour u and = p'^ — kl^. The 
form factors get contributions from Jf{0) in (|TH|l and <//(!) in close to the "no recoil 
point" where v ■ p^^ is small: 

U{q') + f-{q') = -T^T- (C, + a - g^C,) an , (105) 

where we have neglected terms of first order in v ■ p.^ (where a^^\ contributes). The 1/w -p^ 
term in (jl06p is due to the H* pole. From equation (jlOSp and (|106|) we see that 

(/+(?') + - ~ 1/Mh (107) 



which is the well known Isgur-Wise scaling law [3^. The equations for the two form factors 
/+ and /_ should be studied further, and chiral corrections and l/mg corrections should be 
added. 

VII. FURTHER POSSIBLE EXTENSIONS OF CHIRAL QUARK MODELS 

In this section we consider two possible extensions of chiral quark models which are not 
yet worked out in detail. The descriptions are therefore sketchy. 

A. Inclusion of light vectors 

« — I 

One might include vectors in the chiral perturbation theory [35j and thus it should be 
possible to use the chiral quark model also in this case. We suggest a Lagrangian 

^ = ^mass + l^xQM + C.IVA , (108) 
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where the interaction between quarks and the vectors and axial vectors is given by 

CivA = X [hvl^V^ + hAl^A^] X ■ (109) 

Here V are given as 11 in Q with vr replaced by p etc, and similarly for the axial vector A 
where vr is replaced by oi. The (bare) mass term is 



m^yTr [V^V^]+m\Tr [A^A^] 



(110) 



After quarks are integrated out, the masses are modified and identified with the physical 
ones. Then a kinetic term is also generated: 

Ck^n = -\ [V^.V^-"] - \ [A^uA^-] ■ (111) 

where for X = V,A: 



X, 



fJ.U 



;ii2) 



and similar for the axial vector. Here V is a covariant derivative including the goldstones: 

V^X, =d,X, + t[V^,X,] . (113) 
For the left-handed current for vac ^ X = V, A we find the SU (3) octet current 



j;:{vac ^X) = -kxTr [A"X^] , 



where the quantity A" is given by (jHHjl . 

As previuosly, bosonization gives constraints on the parameters of the vectorial sector. 
From normalization of the kinetic termfs) we obtain: 



2u2 
V 



3m? 



,a 



15m^/^ TT 



where Ha = hy before chiral corrections. For the currents we obtain 



kv = -hv 



and similarly , for the axial case: 

kA 



\hA 



m 



m 



3/^ + ^(-G^) 
8m^ TT 



(115) 



(116) 



;ii7) 



The formalism suggested in this subsection might for instance, when combined with 
HLxQM, give a reasonable description of the weak current for D-meson decays D ^ V j^^. 
This might also be the case for processes like D VP, where is a vector meson and P is 
a pseudoscalar. In the last case, non-factorizable contributions can be calculated in terms 
of chiral loops and gluon condensates. However, one should keep in mind that a limitation 
in this case is that V is (also formally) light compared to D. 
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B. Heavy to light transitions 

As emphasized in the introduction, the HLxQM is not suited to describe B ^ n transi- 
tions except for semileptonic transitions close to the no recoil point. It might therefore be 
surprising that we consider a formalism for chiral perturbation theory for B ^ tt transitions 
(and more general B ^ P ioi P = 'n-,K,ri), because the involved pion is hard. However, 
in general, in a transition B pions, we might have a configuration where one pion is 
hard and one (or more) is soft. For such cases we split the pseudoscalar sector in hard and 
soft pseudoscalars. The soft pseudoscalars are represented as before , while the hard pseu- 
doscalars are represented by an octet 3x3 matrix M given as 11 in eq. (jHl), but transforming 
as S under SU{3)l x SU{3)r. 

Starting with a 75 coupling for quarks coupling to pseudoscalars, we represent the hard 
light quark with a quark field g„ Q, IsTj and the soft light quarks by the fiavour rotated 
fields X ill section III. Then we arrive at an interaction Lagrangian 

Cn = GmX [^^MR - ^MtL] g„ , (118) 

for a hard light quark g„ entering a hard pion (kaon) with momentum pm = En where n 
is a lightlike vector and E is the energy of the hard pion(kaon). The hard quark has then 
momentum pq = En + k, where k is of order A-^ ~ 1 GeV or smaller. Gm is a coupling 
which has to be determined by some physical requirements. For an outgoing hard quark we 
have 

Cn = GmQu [MS}R - Mt^L] X ■ (119) 

Now one might combine ()118|) an d (TT^ with HLxQM and use some version of a large 
energy effective field theory (LEET) 3^ to describe the light hard quarks. Using the LEET 



propagator 

7 ■ n 



2n ■ k 



(120) 



for the light hard quark, we can write down a quark loop diagram for B ^ P with a 
corresponding amplitude for the heavy-light weak current (to leading order) 

J^iB ^P) = KTr [V'H^hl -n^M^ . (121) 
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Given the transformation properties in (|7j), p2|) . and ()24|) . the current p2ip transforms as 
in (Uni). 

The behaviour of the quantity (form factor) K is known from theoretical considerations 
and soft colhnear effective theory (SCET)|lfil|: 

K ~ EC^''\Mb,E) , (122) 

where (^'"^ is expected to scale as 



C^^\Mb,E) ~ (123) 



Note that a factor \/Mb is associated with the heavy [B) meson wave function and similarly 
a factor \/E with the wave function of the hard pseudoscalar meson. Within our framework, 
K will contain the product of the couplings Gh and Gm, and some loop integrals involving 
the heavy quark propagator, the ordinary Dirac propagator for the soft quark, and the 
LEET propagator in ()120j) . However, it has been pointed out that the LEET propagator 
is too singular to give meaningful loop integrals^], and that the LEET is incompletej3]. 
Therefore the simple expression in p2()|l has to be modified in some way, by keeping n^n^ = 
5^ 7^ with 5 ~ l/E', by adding a small quantity in the LEET propagator denominator, or 
by modifying the formalism in other ways. And this modification has to be done such that 
one does not come in conflict with the known scaling properties of Keeping 5 7^ and 
6 ~ 1/-E, some of the involved loop integrals have the same mathematical form as those 
involved in the Isgur-Wise function in (ffn|) . but with uj ^ 1/6. The most plausible scenario 
is that Gm ~ E"^^'^. Anyway, knowledge of (^""^ will put restrictions on Gm- 

The W 71 transition is in |3, represented by an integral over a momentum distri- 
bution proportional to x(l — x) dominated at x ~ 1/2. However, there are also suppressed 
contributions (for E » A^) from momentum configurations where one quark (anti-quark) 
is hard and the anti-quark (quark) is soft. The left-handed current is in this case given by 

jI = (A'O X , or = x (^^A') , (124) 

where / is an SU{3) octet index. These quark currents will, when combined with ()118|) and 
()119j) . generate a bosonized current 

AJl = A^n^Tr [A'(SMt + MEt)] , (125) 
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where n is another (almost) hghthke vector with opposite three momentum compared to 
n such that = 6"^ and n ■ n = 2 — 6^. In the most plausible scenario mentioned above 

scales as a constant (E^), which is suppressed hj 1/E compared with the leading order 
current ~ E fp^ h^. The physical decay constant fp (for P = tTjK, rf) is within this scheme 
given by fp"* plus the suppressed contribution ~ N/ E from p25|l . 

Now, the product of the currents in ()12H) and ()125|) will give a factorized 1/E suppressed 
contribution to i? ^ Kti corresponding to the diagram in Fig. ^[ with c and c replaced by 
energetic (anti) quarks, D by vr and by K. This contribution can of course not be distin- 
guished from the standard factorized contribution. However, pulling out soft pseudoscalars 
from ^ and S in the currents ^VZl^ and ()125|1 . we obtain 1/E suppressed non-factorizable chi- 
ral loop contributions to -B ^ i^vr. Similarly there will he 1/ E suppressed gluon condensate 
contributions. Such suppressed terms are not in conflict with QCD factorization [iS^ . 



VIII. CONCLUSION 



We have presented the main features of chiral quark models, both in the pure light and 
the heavy-light sector. Especially, the HLxQM seem to work well. In that case, it is possible 
to systematically calculate the l/mq corrections as well as chiral corrections. The model 
may be used to give predictions for many quantities. Especially, it is suitable for calculation 
of the i?-parameter for B — B mixing jsf, and for a study of processes of the type B DD. 
For heavy to light transitions {B Ktt, say) the HLxQM cannot be used in its present 
form. It remains to be seen if the extension indicated in sect VII-B to incorporate light 
energetic quarks will lead to some understanding of such decays. 

In our version of the chiral quark models(pure light and heavy light cases) soft gluon 
effects are truncated to include only the secord order gluon condensate. It has worked 
reasonably well up to now, but one may wonder if this is enogh to accomodate all effects, for 
instance when light vectors are included. Maybe for instance higher order gluon condensates 
could be included, but our simple model will of course then be much more complicated. 
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